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DECLARATION OF .1. rHUlSTOPHER GRIMAI JOI. UNDER 37 CFR 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sin 

I, J. Christopher Grimaldi, declare and state as follows: 



1. 1 am a Senior Research Associate in the Molecular Biology Department of 
Gcncntech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Gcnentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time 1 directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. T am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, 1 personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," wbich is described in EXAMPLE 1 8 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 1 8 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest m normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type, 

5. The DNA libraries used -in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. Tn differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal vev$u$ diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus lumor tissues. Expression levels were graded according to a scale of •+, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed* less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart Because this technique relics on the visual detection of cthidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and it$ corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that al I statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like $o made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 



Christopher Grimaldi 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



I. J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentcch, Inc., South San Francisco, CA 94080. 

2. T joined Genentech m January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be u$ed as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identity differences in gene expression between tumor tissue and 
their normal counterparts. 



My scientific Curriculum Vitae, including my list of publications, is attached to 



and forms part of this Declaration (Exhibit A). 

4. Tn differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to flic aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-cxpression. For 
example, gene amplification is a process m which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the' parent chromosomes. Amplification of certain genes such as Her2/Neu 
fSingleton et al, Bajhoj Annn., 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Cirimaldi el a/„)Blopd, 73(8):2081 -2085(1 989); Mocker et ai r Blood . 76(2)285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it docs in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field arc well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
ovcr-cxprcsscd. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on flic dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which arc 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment 

6. However, even in flic rare case where thfe protein expression does not correlate 
with the mRNA expression, this soil provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-cxprcssion of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of me gene product in the presence of a particular over- or under-expression of 
mRNA is crucial infonnation formepiacticmg clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product 

7. 1 hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine ox imprisonment, ot both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



B 3^ 4 / Date: _ 

Chftstophcr Grimaldi 

K.At w k:s\aok\J>r.-s479.doc 

071904 



EXHIBIT C 




DECLARATION OF PAUL POLAKIS, PhD. 
I, Paul Polakis, Ph,D., declare and say as follows: , 

L I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. Iam currently employed by Genentech, Inc. where my job title is Staff 

- S ™J°^®?«toch in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
wrth a primary focus on identifying tumor cell markers that find use as targets for 
bom the diagnosis and treatment of cancer in humans. 

3 ' A? fart of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such ' 
technique is the well known and widely used technique of microarray analysis 
which hasjjroven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5 From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changeTin the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from mat mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature ,it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that mcreased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true 
and further that these statements were made with the knowledge that willful felse 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



Dated : &m By: -BiljMA 

PaulPolakis,Ph.D. . 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 

Torben F. 0rritoft*§ f Thomas ThykjaeiD, Frederic M. Waldman|t Hans Wolf**, 
and Julio E. Cells** 



Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation in 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of noninvasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid* 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 



phenomenon at both the transcription and translation levels. 
High throughput array studies of. the breast cancer cell line 
BT474 has -suggested that there is a correlation between 
DNA copy numbers and gene expression In highly amplified 
areas (2), and studies of Individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2, cyciln d1 9 
e/nst, and N-myc (3-5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
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two-dimensional gel electrophoresis/the results showed >^ ,ification W»- ancl a l ow ,eve 1 of c-myc copy number fn- 
that thpm i« a fl 6 no rfneanA Vfc^» — — : crease was observed without concomitant o-myc protein 



that there Is a gene dosage effect mat in some cases' 
.superimposes on other regulatory mechanisms. This ef- 
fect depended (p < 0.01?) on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
of DNA .showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels) Be- 
cause most proteins resolved by. two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations In relatively few cases of well focused 
abundant proteins. tyVith few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomics 1:37-45, 2002. 



Aneuploidy is a common feature of most human cancers 
(1), but little Is known about the genome-wide effect of this 
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overexpresslon (6). 

In human bladder tumors, karyotyping, fluorescent in situ 
hybridization, arid comparative genomic hybridization (CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-Invasive pTa transitional cell carcinomas (TCCs), 
this Includes loss of chromosome 9 or. parts of it, as well as 
loss of Y in males; In minimally Invasive pT1 TCCs, the fol- 
lowing alterations have been reported: 2q-, 11p-, 1q+, 
11q13+, 17q+, and 20q+ (7-12)! It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas Involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we have combined genome-wide tech- 
nology for detecting genomic gains and losses (CGH) with 
gene expression profiling techniques (microairays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-lnvasfve and In- 
vasive human bladder TCCs, 

EXPERIMENTAL PROCEDURES 

Material— Bladder tumor biopsies were sampled after Informed 
consent was obtained and after removal of tissue for routine pathol- 
ogy examination. By fight microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa (superficial papillary), 

1 The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional ceil carcinoma; LOH, loss of heterozygosity; 
PA-FABP, psoriasis-associated fatty acid-binding protein; 2D f 
two-dimensional. • 
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Fig. .1. ON A copy number and mRNA expression level. Shown from left to right are chromosome (Chr.) t CGH profiles, gene location and 
expression level of speciflc genes, and overaD expression level along the chromosome. A, expression of mRNA In Invasive tumor 733 as 
compared with the non-Invasive counterpart- tumor 335. B, expression of mRNA In Invasive tumor 827 porhpared with the non-invasive 
.counterpart tumor 532. The average fluorescent signal ratio between tumor DNA and normal DMA Is shown along the length of the chromosome 
(ten% The bold curve In the ratio profile represents a mean of four chromosomes and is surrounded by thin curves indicating one standard 
deviation. The centra/ vertical fine protein) indicates a ratio value of 1 (no change), and. the vertical lines next to it (dotted) Indicate a ratio of 
05 (fefjf) and ZQ irlghfj. In chromosomes where the non-Invasive tumor 335 used for comparison showed alterations in DNA content the ratio 
profile of thai chromosome Is shown to the right of the Invasive tumor profile; The colored bars represents one gene each, Identified by the 
running numbers above the bars (the name of the gene can be seen at wvw.MDLDK/sdata.htmk The bars Indicate the purported location of 
the gene, and the colors indicate the expression level of the gene In the invasive tumor compared with the non-invasive counterpart; >2-fold 
increase (6/acA), >2-fold decrease (blue), no significant change (orange). The bar to the far right, entitled Bp/ess/on-shows the resulting change 
In expression along the chromosome; the colors Indicate that at least half of the genes were up-regulated (b/acrt), at least half of the genes 
down-regulated (Wue), or more than half of the genes are unchanged (orange). If a gene was absent in one of the samples and present in 
another, it was regarded as more than a 2-fold change. A 2-fold level was chosen as this corresponded to one standard deviation In a double 
determination of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and It, respectively, tumors 733 and 827 were staged as pTt 
(invasive Into submucosal 733 was staged as solid, and 827 was 
staged as papQlary, both grade III. 

mRNA Preparation-Tissue biopsies, obtained fresh from surgery, 
were embedded Immediately in a .sodlurn-guanldinlum thiocyanate 
solution and stored at -80 *C. Total RNA was isolated using the 
RNAzol B RNA Isolation method (WAK-Chemle Medical GMBH). 
pory(A)+ RNA was Isolated by an. oligo{aT) selection step (Oligotex 
mRNA kit; Qlagen). 

cRNA Preparation-! /xg of mRNA was used as starting material. 
The first and second strand cONA synthesis was performed using the 
Superscript® choice system (Invitrogen) according to the manufac- 
turer's Instructions but using an oOgo(dT) primer containing aT7 RNA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAscrlp® in vitro transcription kit (Amblon). Bkrtin-iabeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs In the reaction. 
Following the In vitro transcription reaction, the. unincorporated nu- 
cleotides were removed using RNeasy columns (Qlagen). 

Array Hybridization end Scanning— Array hybridization and scan- 
ning was modified from a previous method (13). 10 /tg of cRNA was 
fragmented at 94 °C for 35 mln In buffer containing 40 mM Tris 
acetate, pH 8,1, 100 mM KOAc, 30 ntM MgOAc Prfor to hybridization, 
the fragmented cRNA in a 6x SSPErt hybridization buffer (1 m Nad, 
10 mM Tris, pH 7.6, 0.005% Triton), was heated to 95 °C for 5 mln, 
subsequently cooled to 40 °C. and loaded onto the Asymetrix probe 
array cartridge. The probe array was then incubated tor 16 h at 40 °C 
at constant rotation (60 rpm). The probe array was exposed to 10. 
washes In 6x SSPE-T at 25 °C followed by 4 washes in 0.5X SSPE-T 
at SO °C. The biotlnylated cRNA was stained with a streptavldin- 
phycoerythrln conjugate, 10 yugjm\ (Molecular Probes) In 6x SSPE-T 
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for 30 mln at 25 °C followed by 1 0 washes in 6x SSPE-T at 25 fl C, The 
probe arrays were scanned at 560 nm using a con focal laser scanning 
microscope (made for Asymetrix by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Affy matrix gene 
expression analysis software. 

Micrvsatefflte Analysis— Microsatelllte Analysis was performed as 
described previously (14). Mlcrosatellites were selected by use of 
wwwjioblJilmjiJh.gov/genemap98, and primer sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplified by PCR in a volume of 20 for 35 
cycles. The ampHcons were denatured and etectrophoresed for 3 h in an 
ABI Prism 377* Data were coBected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less man 33% 
of one allele detected tn tumor ampllcons compared with Wood. 

Proteomlc Analysis— TCCs were minced Into small pieces and 
homogenized in a small glass homogehlzer In 0.5 ml of lysis solution. 
Samples were stored at -20 °C until use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Coomassie Brilliant Blue. Pro- 
teins were Identified by a combination of procedures that included 
microsequehclng, mass spectrometry, two-dimensional gel Western, 
immunobiottlng, and comparison with the master two-dimensional gel 
image of human keratinocyte proteins; see bfobase.dk/cgi-bln/ceIIs. 

CGH— Hybridization of differentially labeled tumor and normal DNA 
to normal metaphase chromosomes was performed as described 
previously (10). Ruorescein-labeJed tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng), and human Cot-1 DNA (20 ftg) were 
denatured at 37 °C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at.37 °C for 2 days. After washing, 
the slides were counterstained with 0.15 jig/ml 4,6-<fiamldlno-2-phe- 
nytindole in an aritt-fade solution, A second hybridization was. per- 
formed for all tumor samples using fiuorescelrt-labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
aberrations detected during the Initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fluores- 
cein- and Texas Red-labeled norma) DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
greerirred fluorescence intensity ratio profiles were calculated using 
four images of each chromosome (eight chromosomes total) with 
normalization of the greemred fluorescence Intensity ratio for the 
entire metaphase and background correction. Chromosome Identifi- 
cation was performed based on 4,6-diamidino-2-phenylindoie band- 
ing patterns. Only images showing uniform high intensity fluores- 
cence with minimal background staining were analyzed. AH 
centromeres, p arms of acrocentric chromosomes, and heterochro- 
matic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybrldlzation-The CGH analysis 
Identified a number of chromosomal gains and. tosses In the 
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Table I 

. Correlation between alterations detected by CQH end by expression monitoring 

Top, CGH used as Independent variable (if CGH alteration - what expression ratio was found); bottom, altered expression used, as 
independent variable (if expression alteration - what CGH deviation was found). 1 . 4 



CQH alterations 



Tumor 733 vs. 335 
Expression change clusters 



Concordance CGH alterations 



Tumor 827 vs. 532 
Expression change dusters 
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10 Loss 



10 Up-regulation 

0 Down-regulation 

3 No change 

1 Up-regulation 

5 Down-regulation 

4 No change 
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3 Up-regulation 
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12 No change 






6- No change 




3 Gain 
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. 21 No change 


1 Gain 


81% 
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3 Loss 




9, No change 
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two Invasive tumors (stage pT1 , TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p- f 9q22-q33-, and X-, and 7+, 9q~, 
and Y- f respectively. Both Invasive tumors showed changes 
(1q22-24-H, 2q14.1<|ter-, 3q12-q13.3-, 6q12-q22-, 
9q34+, 11qi2-q13+, 17+, and 20q11.2-q12+) that are typ- 
ical for their disease stage, as' well as additional alterations, 
some of which are. shown In Rg. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0,3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 In TCC 733 (Rg. 1A) and 
20q12lnTCC827(Rg.1B). 

mRNA Expression in Relation to DNA Copy Number-The 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments In which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
. proximately 1,800 genes that yielded a signal on the arrays 
were searched In the Unlgerie and Genemap data bases, for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way It was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
.the invasive versus the non-Invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as Informative (Rg. 1). The density 
of genes along the chromosomes varied, and areas contain-* 
ing only one gene were excluded from the calculations. The 
resolution of the QGH method is very low, and some of the 
outlier data may be because of the factthat the boundaries of 
the chromosomal aberrations are not known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the Independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a. cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels In the two tumor pairs (Rg. 
1). In most cases, chromosomal gains detectedby CGH were 
accompanied , by an increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) (Fable I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression In several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The inabil- 
ity to detect RNA expression changes in these cases was not 
because of fewer genes mapping to the lost regions (data not 
. shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered . CGH ratios (table I, bottom). 
Furthermore, as a control we looked at areas with no aJter- 
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Fig. 2. Correlation between maximum CGH aberration and the ability to detect expression change by oligonucleotide array 
monitoring. The aberration Is shown as a numerical -fold change in ratio between invasive tumors 827 (A) and 733 (♦) and their non-Invasive 
counterparts 532 and 335. The expression change was taken from the Expression line to the right In Fig. 1, which depicts the resulting 
expression change for a given chromosomal region. At least half of the mRNAs from a given region have to be elther.up- or down-regulated 
to be scored as an expression change. Ail chromosomal arms in which the CGH ratio plus or minus one standard deviation was outside the 
ratio value of One were included; 



ation in expression. No alteration was detected by CGH in 
most of these areas (TCC 733, 60% and TCC 827, 81%; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations In the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2){£or both tumors TCC 733 {p < 0.015) and 
TCC 827 fp < 0.00003). a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology (Fig. 2^ Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1 .6- to 2.0-fold (Table I, bottom) but mostly did 
hot at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which Is at the cut-off pplnt for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent 

MicrosatellftQ-based Detection of Minor Areas of boss- 
es— In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Rg. 1, TCC 733 
chrornosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two mlcrosatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Rg. 3). Additionally, chromosome 2p In. 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Rg. 14). As Indicated above, the mRNA decrease observed in 
the middle of the chromosomal gain was because of LOH, 
implying lhat one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827; the teiomeric end of chro- 
mosome 11p showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two midrosatellites (D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsln D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed In TCC 733 at 
chromosomes 3q24, 11p11, 12p12.2, 12q21.1, and 16q24 
and in TCC 827 at chromosome 11p15,5; 12p11, 15q11.2, 
and 18q12 was also examined for chromosomal tosses using 
mlcrosatellites positioned as close as possible to the gene loci 
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Fig; 3. Mfcrosateilfte analysis of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to Hu class I histocompatibility antigen (gene 
number 38 in Fig; 1), (b) by D1S2735 close to cathepsin E (gene 
number 41 In Fig, 1), arid (c) at chromosome 2p23 by D2S2251 close 
to general ^-spectrin (gene number 1 1 on Fig. 1) and of (o) tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S11 18 
close to mitochondrial 3-oxoacyl-coenzyme A thlblase (gene number 
12 In Fig. 1), The upper curves show the electropherogram obtained 
from normal DNA from leukocytes (/v), and the lower curves show the 
electropherogram from tumor DNA (7). In all cases one allele Is 
. partially lost tn the tumor ampflcon. . 

showing reduced mRNA transcripts. Only the rhicrosateliite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes In the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels— 
2D-PAGE analysis, In combination with Coomassle Brilliant 
Blue and/or silver staining, was carried out on ail four tumors 
using fresh' biopsy material. 40 well resolved abundant known 
proteins migrating In areas away from the edges of the pH 



FtG. 4. Correlation between protein levels as Judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided In 
three groups, unaltered In level or up- or down-regulated (horizontal 
axis). The mRNA ratio as determined by oligonucleotide a/rays was ' 
plotted for each gene {vertical axis). A, mRNAs that were scored as 
present in. both tumors used for the ratio calculation; A, mRNAs that 
were scored as absent In the Invasive tumors (along horizontal axis) or 
as absent In ndn-lnvastve reference {top of figure). Two different 
. scafings were used to. exclude scaling as a confound er, TCCs 827 
and 532 (AA) were scaled with background suppression, and TCCs 
733 and 335 (eCf) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences In mRNA ratios 
between the groups'. Proteins shown were as follows: Group A (from 
left), phosphoglucomute.se 1, glutathione transferase class number 
4, fatty' acid-binding protein homologue, cytokeratin 15, and cyto- 
keratin 13; B (from tefr), fatty acid-binding protein homologue, 28-kDa 
heat shock protein, cytokeratin 13, and calcyclin; C(from /eft), a-erto- 
lase, hnRNP B1, 28-kDa heat shock protein, 14-3-3-e; and 
pre-mRNA splicing factor; D, mesothelial keratin K7 (type II); £(from 
fop), glutathione S-transferase-ir arid mesothelial keratin K7 (type II); 
F(from fop and feff), adenytyl cyclase-assoclated protein, E-cadherln, 
keratin 19, calglzzarin, phosphoglycerate mutase, annexfa IV, cy- 
toskelet8J ^actin, hnRNP A1, Integral membrane protein calnexln 
(IPSO), hnRNP H, brain-type clathrin light chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucteoprotein A/B v 
translationally controlled tumor protein,, liver glyceraldehyde-3-phos* 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na,K- 
ATPase ^1 subunit; G, (from top and /efl), TCP20, calgizzartn,. 70- 
kDa heat shock protein, calnexln, hnRNP H, cytokeratin 15, ATP 
synthase, keratin 19, uiosephosphatelsomerase, hnRNP F, Overgtyo- 
eraldehyde-3-phosphatase dehydrogenase, glutathione S-transfer- 
ase-w, and keratin 8; H (from left), plasma gelsolin, autoantigen cal- 
reticulin, thloredoxin, and NAD+-dependent 15 hydroxyprbstaglandin 
dehydrogenase; / (from top), prolyl 4-hydroxylase /J-subunit, cyto- 
keratin 20, cytokeratin' 17, prohibition, and fructose triphos- 
phatase; J annexin II; K. annexln IV; L (from top and left), 90-kDa heat 
shock protein, prolyl 4-hydroxylase 0-subunit, e-eno!ase, GRP 78, 
cyclophilln, and cofitin. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
identified by a combination of methods (see "Experimental 
P^ocedures ,, ). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Fig. 
,4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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keratins encoded by genes on chromosome 17 (Fig; 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a Know chromosomal 
location were detected In TCCs 733 and 335, and of these 19 
con-elated (p < 0.005) with the nriRNA changes detected using 
the arrays (Fig, 4). For example, PA-FABP was highly ex- 
pressed in the non-Invasive TCC 335 but lost in the invasive 
counterpart {TCC 733; see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies.that were available. 

11 chromosomal regions where CGH showed aberrations 
that corresponded to the changes In transcript levels also 
showed corresponding changes In the protein level (Table il). 
These regions Included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20, annexlns II and IV, and the fatty 
acid-binding proteins PArFABP. and FBP1; Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area' In Invasive bladder 
cancers. 

. DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of non-Invasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect In most cases, 
genes located In chromosomal areas wfth.galns often exhib- 
ited Increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses, most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fbid change, 
thus being at the border of detection. In several cases, how- 

TABl£ II 



Proteins whose expression level correlates with both mRNA and gene dose changes 


Protein 


Chromosomal location 


Tumor TCC. 


CGH alteration 


Transcript alteration* 


Protein alteration 


Annexin II 


1q21 


733 - 


Gain 


AbstoPres* . 


Increase 


Annexln IV 


2p13 


733 


' Gain 


3.9-Fold up 


increase 


Cytokeratin 17 


17q12-q21 


S27 


Gain 


3.8-Fold up 


Increase 


Cytokeratin 20 


17q21.1 


827 


Gain 


5.6-Fold up 


Increase 


(PA-JFABP 


8q21,2 


827 


Loss 


10-Fold down 


Decrease 


. FBP1 


8q22 


.827 


Gain 


2.3- Fold up 


Increase 


Plasma gelsolin 


9q31 


827 


Gain 


Absto Pres 


Increase 


Heat shock protein 28 


15q12-q13 


827 


Loss 


23-Fold up 


Decrease 


Prohibit!/! 


17q21 


827/733 


Gain 


3.7V2.5-Fdld up* 


Increase 


Prolyl-4-hydroxyl 


17q25 


827/733 


Gain 


5J-/1.6-Fo!d up 


Increase 


hnRNPBI 


7p15 


827 


Loss 


2.5-Fold down 


Decrease 



* Abs, absent; Pres, present 

* In cases where the corresponding alterations were found in both TCCs 827 and 733 these are shown as 827/733. 




Fig. 5. Comparison of protein and transcript levels In . invasive 
and non-Invasive TCCs. The upper part of the figure shows a 2D gel 
(teft) and the oligonucleotide array (rfgftf) of TCC 532. The red rectan- 
gles on the upper gel highlight the areas that are compared befow. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearly, cytokeratins 13 and 15 are strongly down-regulated In TCC 
027 (red annotation). The tile on the array containing probes for 
cytokeratin 15 is enjarged.be/ow the array (red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
corresponds to perfect match probes; the lower row corresponds to 
mismatch probes containing a mutation (used for correction for un- 
specrflc binding). Absence of signal is depleted as black, and the 
higher the signal the lighter the color. A high transcript level was 
detected in TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present in TCC 532/(15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the bottom of the figure (fefl) show levels of PA-FABP and adlpocyte- 
FABP In TCCs 335 and 733 (Invasive), respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP. transcript A medium transcript level was de- . 
tected in the case of TCC 335 (1277 units) whereas very tow levels 
were detected In TCC 733 (166 units). /EF, isoelectric focusing. 
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ever, an Increase or decrease In DMA copy number wa? 
associated with de novo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
detected In th8 non-invasive tumor but were present at rela- 
tively high levels In areas with DNA amplifications In the inva- 
sive tumors (e.g. In TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent to 2670 
arbitrary units; in TCC 827 transcript from small proline-rich 
protein 1 gene (chromosome 1q12-921.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area Indicates an increased 
likelihood of gain of chromosomal material In this area 
' Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, It seems striking that the gene 
dose effects were so clearly detectable in gained areas. One . 
hypothetical explanation may He in the loss of controlled 
methylatlon In tumor cells (17-19). Thus, it may be possible 
that In chromosomes with increased DNA copy numbers two 
ormore alleles could be demethyiated simultaneously leading 
to a higher transcription level, whereas In chromosomes with 
losses the remaining allele could be partly, methylated, turning 
-off the process (20, 21). A recent report has documented a 
ploidy regulation of gene expression In yeast, but In.this case all 
the genes were present In the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring In more than 1 
of 3 tumors. In pTa tumors, these include 9p-, 9q-, 1q+, Y- 
(2, 6), and In pTI tumors, 2q-,11p-, 11q-, 1q+, 5p+, 8q+, 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y- , respectively. Likewise, the two minimal Invasive 
pT1 tumors showed .aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1 q22-24 
amplificatipn (seen In both tumors), 11q14-q22 loss, the latter 
often Onked to 17 q+ (both tumors), and 1q+ and 9p-, often 
linked to 2Qq+ and 11 q13+ (both tumors) (7-9). These ob- 
servations Indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
. therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH Is of about 
20 megabases it is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers. Analysis of these regions 
by positioning heterozygous microsateliites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity In several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA microariays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent" 1 at the boundaries of the CGH 
aberrations. At present we do. not know the mechanism be- 
hind chromosomal aneuploldy and cannot predict whether 
•chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic Imprinting has 
. an impact on the expression level in normal cells and Is often . 
reduced In tumors. However, the relation between Imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare jnvaslve tumors to benign tumors rather than 
to normal urotheiium, as the tumors studied were biologically 
very close , and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and rnRNA expression Is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, mRNA and protein levels 
showed a striking correspondence although In some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translational processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertranslated mRNA pools, which are associated with few 
translationalty Inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very Important in the. case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver ceils as. deter- 
mined by arrays and 2D- PAGE (25), and a moderate correla- 
tion was recently reported by Ideker et a/. (26) in yeast. 
Qnterestingly, our study revealed a much better correlation 
between gained chromosomal areas and increased. mRNA 
levels than, between loss of chromosomal areas and. reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change In transcript) One possible 
explanation could be that by losing one allele the change in 
mRNA level Is not so dramatic as compared with gain of 
material, which can be rather, unlimited and may lead to a 
severaifold Increase in gene copy number resulting In a much 
higher Impact on transcript level The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may In the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the . 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level Four 
of these proteins were, encoded by genes located at a fre- 
quently- amplified area in chromosome I7q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will havfc to . 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring rmmunoldentification and/or mass spectrometry to 
correctly identify the proteins In the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather In 
. the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid-mapped genes will increase the resolution and informa- 
. tlon derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis to obtain, information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will, be forthcoming. 
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ABSTRACT 

Generic changes underlie tumor progression and may lead to cancer- 
specific; expression of critical genes. Over 1100 publications have de- 
scribed the use of comparative genomic' hybridization (CGH) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA microirrays in breast cancer and directly compared copy number 
and roRNA expression levels of 13,824 genes to quantitate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 independent ampticons, ranging in size from 0.2 to 12 
Mb. Throughout the genome, both high- and low-level copy number 
changes had a substantial impact on gene expression, with 44% of the 
highly amplified genes showing overexpression and 103% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 . 
samples were systematically attributable to gene amplification. These 
included most previously described amplified genes In breast cancer and 
many novel targets for genomic alterations, including the HQXB7 gene,' 
the presence of which in a novel ampllcon at 17q2U was validated in 
"10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpression Is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene' expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited . 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and then- 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Fig. 1. Impact of gene copy number on global gene expression levels.*, percentage of 
over- and undcrexprcsscd genea (Y axis) according to copy number ratios (X atis\ 
Threshold values used for over- and undcrexprcssioa were >2 J 84 (global upper 7% of 
the cDNA ratios) and <0.4826 (global lower 7% of the expression ratios). A percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were >1.5 and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10). However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or niaintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH rnicroarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose rriRNA expres- 
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3 The abbreviations used are: CGH, comparative genomic hybridization; FISH.' fluo- 
rescence In situ hybridization; RT-PCR, reverse transcription-PCR. 
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Fig. 2. Grndm^widc ccpy number and expression analysis in the MCF-7 breast cancer cell line. A, cbr^nosoraalCGH analysis of MCF-7^ The copy number ratio profile (blue 
1a ^Tu ^^'fT lptdomc ^ to X * te,on,eie ■» 5l « wn with ±1 SD. (oro^a The black horizontal lino indicates a ratio of 1.0; «J toe; a ratio of 0* 

t £ , t*^ 8Cn0m& ^ i 1 c numbcr ■» MCF-7 by CGH on cDNA microarray. The copy number ratios were plotted as /taction* ^position 

of the cDNA clones along the human genome. In B t individual data points arc connected with a fine, and a moving median of 10 adjacent clones is shown. Red horizontal SaTthe 
SfnT^f ft? 1 * In - Q tot ™ w ^f°^ 3X16 Ubdcd * «** to expression rsUos. The ^SbS^S 
^dc^J^^nS 1 ^^ W ^ CT - ? . 06116 <«™»j *feft/g*e/. 4« indicate the lowest 2%, and dark green dots, the next ^of-^^^oTratiS 
•TcaTe? ^ fahd r shown ™* w «* W» The chromosome numbers are shown at the bottom of the figure.- and chromosomlbo^darics are 



sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Breast Cancer Cell Lines. Fourteen breast cancer cell lines (BT-20, BT- 
474, HCC1428, Hs578t, MCF7 t MDA-361, MDA-436, MDA-453, MDA-468, 
SKBR-3, T-47D, TJACC812, ZR-75-I, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Microarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (1 1-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known 
genes. CGH experiments on cDNA microarrays were done as described (14, 
J5). Briefly, 20 fig of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with AM and Rsal (Life Technol- 
ogies, Inc, Rockville, MD) and purified by phenol/chloroform extraction. Six 
jig of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Ufe Technologies, Inc.). Hybridization (14, 1 5) and 
posthybridization washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La JolIa.' CA) was used in all experiments. Forty jig of reference RNA were 
labeled with Cy3~dUTP and 3.5 tig of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the conesponding clone in the control hybridization, For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (*.«., copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test and 
reference intensity <100 fluorescent units and/or with' spot size <50 units) 



were excluded from the analysis and were treated asr missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 
decreased copy number.. Genes with CGH ratio >1,43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0;73 (representing the lower 5%) were considered to be 
deleted.* 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alterations on gene expression, wc applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplication (ratio, >1.43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signal-to-noise 
statistics (1). We calculated a weight, for each gene as follows: 

_ nigi - rngo 

where m gU tr 8l and <r# denote the means and SDs for the expression 
levels for amplified and nonarjrolified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random pennu-. 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cDNA Clones and Amplicon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 141. 6 A database of genomic sequence alignment information 
for mRNA sequences was created from the "August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database- 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets. Amphcons were defined as a CGH copy number ratio >2.0 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



6 Internet' address: httpV/rescarch.nhgri^.go^ 

7 Internet address: www^encmejicscxda 
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Tabic I Summary cf Independent amplicons In 14 breast cancer cell tines fy 
CGH microarray j , 



Location 
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extended to include neighboring nonamplified clones (ratio, <XS). The am- 
plicon size determination was partially dependent on local clone density. 

PISH. Dual-color interphase FISH to breast cancer ceil lines was done as 
described (17). Bacterial artificial chromosome clone RPH-361K8 was la- 
beled with SpectannOrange (Vysis, Downers Grove, IL), and Spectrum- 
Orange-labeled probe for EGFR was obtained from Vysis. SpectnimGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
(1 8). the use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere, signals* in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
. and the log-rank test. 

RT-PCR. The HOXB7 expression level was detennined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promega Corp., Madison, WI) with 10 ng ofmRKA 
as a template. HOXB7 primers were 5'-GAGCAGAGGGACTCGGACTT-3' 
and 5'-GCX3TCAGGTAGCGATTGTAG-3'. 

RESULTS 

Global Effect of Copy Number on Gene Expression, 13,824 
arrayed cDNA clones were applied. for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (f.e, belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Kg. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. 15). Low-level copy number 
increases and decreases were also, associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout' the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 



CGH were validated, with.lq21, 17ql2-q21.2, 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most commonly amplified, furthermore, 
the boundaries of these amplicons were precisely delineated: In ad- 
dition, novel amplicons were identified at 9pl3 (38.65-39.25 Mb); 
. and 17q213 (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pll-pl2 (Fig. $A), In BT-474, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes, (Fig. IB). In addition, several genes, including the 
homeobox genes HOXB2 and HOXB7, were highly amplified in a 
previously undescribed independent amplicon at 17q21.3. HOXB7 
was systematically amplified (as validated by FISH, Fig. IB, inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC8 1 2, and ZR-75-30 cells. Furthermore, this novel 




Fig. 3. Annotation of gene expression data on CGH microarray profile*. A, genes to the 
7pl l-p!2 amplicon in the MDA-468 ccU Line arc highly expressed (red dais) and include 
the EGFR oncogene. B, several genes in the !7ql2, 170,213, and I7q23 amplicons in the 
BT-474 breast cancer cell tine are highly overexpressed (red) and include the H0XB7 
gene. The data labels and color coding are as indicated fox Fig. 2C Insets show 
chromosomal CGH profiles for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR (red) and chromosome 7 
centromere probe (green) to MDA-468 CO and HOXBT-speafit probe (red) and chro- 
mosome 17 centromere (green) to BT-474 celts (B). 
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Fig. 4. list of 50 genes with ■ statistically 
significant correlation (a value <0.05) between 
genie copy number and gene expression. Name, 
chromosomal location, and the a value for each 
gene are Indicated The genes have been ordered 
according to their position in the genome. The color 
maps on the right illustrate the copy number and 
expression ratio patterns in the 14 cell lines. The 
key to the color code is shown at the botiom of the 
graph. Cray squares, missing values. The complete 
list of 270 genes is shown in supplemental Fig. B. 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P - 0.001). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 151 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >100O publications applying CGH* (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels nave remained largely unknown, 
although a few studies have, explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
- in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 



* Internet address httpyAvww.gcneai:tology.org/. 



9 Internet address: httpVAvvw Jicb Lnlm.nIh.govAaiircz. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes' In the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important man that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on .the impact of aneuploidy on global gene expression pat-, 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The CGH microarray analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries for many am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the homeobox gene region at 17q2!3 and led to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodomain 
transcription factors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
turnorigenicity and angiogenesis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
rinding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. ■ ? . 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
• (representing ~2% of all genes on the array), including not only 
previously described amplified genes, such as HER-2 % MYC % 
EGFR, ribosomal protein s6 kinase, and AIB 3, but also numerous 
novel genes such as NRAS-related gene (lpl3), syndecan-2 (8q22), 
and bone morpkogenic protein (20ql3.1) t whose activation by 
amplification, may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of "a 
prominent global influence of copy number changes on gene 
expression levels; (6) a high-resolution map of 24 independent 
amplicons in breast cancer; and (c) identification of a set. of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification. Characterization of a novel amplicon at 
17q21.3 implicated amplification and overexpression of the 
HOXB7 gene in breast, cancer, including a clinical association 
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between HOXB7 amplification and poor patient prognosis. Overall, 
our results, illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development 



REFERENCES \ 

1. Golub, T. R, Slonira, D. K, Taraayojp., Huard, C, Gaasenbcck, M, Mcsirov, J. P„ 
Cdler, liVLoh, M JL, Downing, J. It, Caligluri, M. A-, Bloomfield, C IX, and 
Lander, E. S," Molecular classification of cancer class discovery and class prediction 
by gene depression monitoring. Science (Wash. DC), 286: S3 1-537, 1 999. 
. 2. Alizadch, A. Efecn, M. B., Davis, R. E., Ma, G, Losses, L Roscnwald, A., 
Boldrick, J. C, Sabet, H., Trari, T„ Yu, X, tt at Distinct types of diffuse large B-cell 
lymphoma identified by gene expression profiling. Nature (Land), 403: 503-511, 
2000. 

3. Biitncr, M, Mdtoer, P., Chen, Y„ Jiang, Scftor, E., Hendrix, Ivi, Radmaeber, M, 
Simon, R., Yakhim, Z., Ben-Dor, A^ tt at. Molecular classification of cutaneous 
malignant melanoma by gene expression profiling. Nature (Lonll 406: 536-540, 
2000. 

4. Pcrou, C. M, Sorlie, T„ Eisen, M. B., van de Rrjn, Jcffiey, S. Rces, C A., 
Pollack,- J, R., Ross, D. T„ Johnsen, H„ Alttlen, L, A., et cl Molecular portnuVof 
human breast tumours. Nature (Lend), 406; 747-752, 2000. 

5. Dbanasekaran, S. M., Barrctfc, T. 1L, Ghosh, D., Shah, IL, Vemmbaliy, a, Kuracfai, 
' JC, Pienta, K. J., Rubin, M. A^ and Cfcinnaiyan, A. M. Delineation of prognostic 

biomarkcrs in prostate cancer. Nature (LondX 822-826, 2001. 

6. Sortie, T„ Pcrou, C. Mh Tflisbiranj.'lL, Aas, T., 

Eisen, M. B, van de Rjjn, M, Jeffrey, S. S.. clal Gene expression patterns of breast 
carcinomas distinguish tumor subclasses with clinical implications. Proa Nan. Acad. 
Sd USA, 98: 10869^10874, 2001. 

7. Ross, J. S, and Fletcher, J. A; The BER-2/ncu oncogene: prognostic factor, predictive 
factor and targcf for therapy. Semin. Cancer BioL, 9: 125*138, 1999. 

8. Arteaga, C U The epidermal growth factor recepto r: from mutant oncogene in 
nonhuman cancers to therapeutic target in human neoplasia." J. Clin. OncoL, 19: 
32-40, 200J. 

9. Knuutila. S, Bjorkqyist, A. Autio, K-, Tarkkancn, M, Wolf, M., Monni, O, 
Szymanska, L, l^rmmendy, M. U Tapper, Pcrc, H., H-Rifei, el aL DNA copy 
number amplifications in human neoplasms: review of comparative genomic hybrid- 
ization studies. Am. J. Pathol., 152: 1 107-1 123, 1998. . 

10. Knuutila S., Autio IC, and Aalto Y. Online access to CGH data of DNA sequence 
copy number .changes. Am. J. Pathol, 157: 689, 2000. 

1 1 . DcRisi, J., Penland, U, Brown, P. O., Bittntr, M L, Meltzer, P. Ray, M, Chen, 
Y^ Su, Y. A., and Trent, X M. Use of a cDNA microarray to analyse gene expression 
patterns in human cancer. Nat Genet, 14: 457-460, 1996. 

1Z Sbalon, D., Smith, S. J., and Brown, P. O, A DNA microarray system for analyzing 
complex DNA. samples using two-color fluorescent probe hybridization. Genome 
Res., 6: 639-645, 199*. 

13. Mousses, S„ Bittner, M. L., Chen, Y^ Dougherty, B. Baxevanss, A^ Meltzer, P. 
and Trent J. M. Gene expression analysis by cDNA rmcroarrays. lm P. J. Livesey and 
S.P. Hunt (eds.) t Functional Genomics, pp. 113-137. Oxford: Oxford University 
Press, 2000. " 

14. PoUack, J. &, Pcrou, a M., Alizadch, A. A., Eisen, M. Pergamcnschikov, A n . 
Williams, C Jeffrey, S. Botstein, D., and Brown, P. a Genome-wide analysis 
of DNA copy-number changes using cDNA microarrays. Nat Genet, 23; 41-46. 
1999. 

15. Monni, O., Barlund, M„ Mousses, S., Kbnonen, J-, Sauter, G„ Helskancn, M., 
Paavola, P., Avela, IC, Chen, Y., Bittner, M.L., and KalUoniemi, A. Comprehensive 
copy number and gene expression profiling of the 17q23 amplicon in human breast 
cancer. Proc Natl. Acad. Set USA, 93: 57 1 1-57 16, 2001. 

16. Chen, Y., Dougherty, E. and Bittner, M. U Ratio-based decisions and the 
quantitative analysis of cDKA microarray images. J. Biomcd, Optics, 2: 364-374. 
1997. 

17. Biriund, M n Forozan, Kononcn, J n Bubcndort; L, Chen, Y^ Bittner, M. L, 
Torhorst K Haas, P., Bucher, C, Sauter, G, er a!. Detecting activation of ribosomal 

. protein S6 kinase by conrplcracntary DNA and tissue micmazrey analysis. J. Natl. 
Cancer Inst, 92: 1252-1259, 2000. 

18. Andersen, C L. Hostcttcr, G., Grigoryan, A^ Sauter, G,, and Kallioniemi, A. 
Improved procedure for fluorescence in situ hybridization on tissue microarrays. 
Cytometry, 45: 83^86, 2001. 

19. Kaururucrni, P„ Biriund, Monni, and Kallioniemi, A. New amplified and 
highly expressed genes discovered in the ERBB2 amplicon in breast cancer by cDNA 
raicroarrBys. Cancer Res., 61: 8235^-8240, 2001. 

20. a ark, J., Edwards, S. f John, Ftohr, P n Gordon, f, Maillard, tL, Giddings, L, 
Brown, Bagherzadeh, A, Campbell, C, Shipley, J, Wooster, It, and Cooper, 
C S. Identification of amplified and expressed genes in breast cancer by comparative 
hybridization onto tnicroarrays of randomly selected cDNA clones. Genes Chromo- 
somes Cancer. 34: 104-1 14, 2002. 

21 . Vans, A n WolC M., Monni 0 M VaUcari, M. L, Kokkola, A^ Moskahik, C^ Fricrson, 
R, Powell, & M., Knuutila, S.. KalUoniemi, A^ and B-fciai, W. Targets of gene 
amplification and overexpression at 17q in gastric cancer. Cancer Res. 62: 2625- 
2629, 2002. 

2i Hughes, T. IU Roberts, C J M Dai, R, Jones, A. It, Meyer, M. BU Stode, D, 
Burchard, U Dow, Ward, T. IL, Kidd, M. I, Friend, S, tt, snd Marten M. J. 



GENE EXPRESSION PATTERNS IN BREAST CANCER 



Widespread eneuploidy revealed by DNA raicroarray expression profiling. Nat 
6enet., 25; 333-137, 2000. 

23. Vhtattcvi, IC, Wright, F. A., tanner, S, KL, Yuan, B., Lemon, W. J., Callgiuri, M. A., ' 
Bioomficld, C D., dc La ChopcUe, A4 and Krahc, R. Expression profiling reveals 
Fundamental biological differences in acute myeloid tcuketaia with isolated trisomy 8 
and normal cytogenetics. Proe. Natl. Acad. Set "USA, 98: 1 124-1 1 29, 2001 . - 

241 PbflCps, J, UHaywaid. S. W„ Wang, Y„ Vassefli, JL, Pavlovich, C, Padilla-Nasb, 
R. Pezullo, J. R, Gbacfimi. B. M, Grossfeld, 0. D., Rivera, A, tinehan, W. 
Conba, a EL, and Ried, TV The consequences of chromosomal ancuploidy on gens - 
expression profiles in a cell line m od e l for prostate carcinogenesis. Cancer Rcc, 67; 
. 8143-8149,2001. 

25. Bad and, Nt, Tirkkonen, M, Foreran, F n Tanner, M. M, Kallioniemi, O. P.. and 
KsJfioxuemi, A. Increased copy cumber at 17q22-q24 by CGH b breast cancer is due 
to high-level amplification of two separate regions. Genes Chromosomes Cancer, 20; 
37*376,1997. 

26. Tanner, M. M, Tirkkonen, M, Kallioniemi, A., Isola, J 4 Kmikasjarvi, T n Collins, C, . 
Kowbel, D„ Gum, X Y%, Trent, J M Grey, J. W, Meltzer, P., and Kallioniemi O. P. 
Independent amplification and ftequcnt co-amplification of ihrec nonsynlcnic regions 



on the long ami of chromosome 20 in human breast cancer/ Cancer Rcs^ 56: 
3441-0445, 1996: 

.27. CfUo, C, Faidla, A^ Csntilo, M, and Bcmcinefli, E, Homeobox genes and cancer, 

Exp. Cell Re*^ 248: 1-9, 1999.. 
2$. Cillo, C, CanUle, Faiella, Al, and BondnelH, B. Homeobox genes in normal and' 

malignant cells. J. Cell PhysioL, 188: 161-169, 2001. ••• 

29. Care; A, SilvanL A., Meceia, R, Mattia, G., Stoppacciarb, A, Permian!, G., Peschlo, 
C, and Colombo, M. P. HOXB7 constitutivcly activates basic fibroblast growth 
factor in melanomas. MoL CelL BfoL, 16: 4842-4851, 1996. 

30. Care, A., Sflvani, A., Meocia, E n Mattia, G* Peschk, C, and Colombo, M. P. 
Transduction of the SkBr3 breast carcinoma ccD tine with the HOXB7 gene induces 
bFGF expression. Increases cell proliferation and reduces growth factor dependence. 
Oncogene, 16: 3285-3289, 1998. . 

31: Care, A, FeHcenl, F„ Meceia, E., Bottero, U, Parana, M.* Stoppscciaro, A, Pcschle, 
C, and Colombo, M. P. HOXB7: a key helm for tnmor-associatcd angiogenic switch. 
Cancer Rea, 67; 6532-6539, 2001. 

32. Naora,H^Yang,Y.Q^M6nts,F.4 H Sndman^ 

A serologically identified tumor antigen encoded by a bemeobox gene promotes 
growth of ovarian epithelial cells. ProcNalL Acad. Set USA, 98: 4060-4065, 2001. 



6245 



EXHIBIT F 



* 

Microarray analysis reveals a major direct role of 
DNA copy number alteration in the transcriptional 
program of human breast tumors 
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Genomic DMA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DNA copy number variation In 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6,691 mapped human genes, in 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 
the quantitative analysis of amplicon shape provide significant 
improvement' in the localization of . candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation in. gene copy number contributes to 
variation In gene expression in tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number Influences gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2-fold change in DNA copy number- Is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation in gene expression among the breast 
tumors is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
. gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to. the identifi- 
cation of a number of recurrent legions of DNA copy number 
alteration in breast, cancer ceil lines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[e,g, FGFR1 (8pll), MYC (8q24), CCND1 (llql3), ERBB2 
(17ql2), and ZNF217 (20ql3)J and tumor suppressor eenes 
[RBI (13ql4) and TP53 (17pl3)], the relevant gene(s) within 
other regions (e.g., gain of lq, 8q22, and 17q22-24, and loss of 
8p) remain to be identified. A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, we had 
an opportunity .to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods . 

.Tumors and Cell Lines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
mas,, with more than 50% being lymph node positive, the 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site; www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by ethanol precipitation, 

DNA Labeling and Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentialry as described 
in Pollack et al (7), with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. 4 Test w DNA 
(from tumors and cell lines) was f luorescentiy labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e., UniGene clusters). The 
"reference" (labeled with Cy3) for. each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePfc scanner (Axon Instruments, Poster City, CA), and 
fluorescence ratios (test/reference) calculated using scanalyze 
software (available at http://ranaJbl.gov); Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantiy from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 



Abbreviation: CGH, comparative genomic hybridization. 

*To whom reprint requests should be addressed at Department of Pathology, Stanford 
University School of Medicine, CCSK ftulMlng. Room 324SA, 269 Campus Drive, StirsfonL 
CA 94305-5176. E-rwIh pdleck10stertord.edu. ^ 

"Present address: Zyomy* inc. Hayward. CA 94545. 



VAw.pnaa^/cgl/doi/iaiC73/pnasJ6Z47l999 



PNAS | October 1, 2002 | vol 99 | no. 20 J 12963-12968 



ZT^^ ^^V 0 ^ !°J 63St CanCEr CE " "«« ^ breart tumors Each row represents a different cell line or/tumor, and each column represents 

£££ i2 f£ * ^ (test/reference) are depicted using a logrbased pseudocolor scale (Indicated), such that red lumln^er^reflects 

fold^mplrficatloa green luminescence reflects foW-cteletfon, and black Indicates ho change (gray Indicates poorly measured data). (6) Enlarged v^v of DNA 
copy number profiles across the X chromosome, shown for cell fines containing different numbers of X chromcsomes. 9 DNA 



identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(http://genome.iicsc.edu/; Oct 7, 2000 Freeze). For UniGene 
... clusters represented by multiple arrayed elements, mean fluo- 
rescence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are '"mean-centered" (i.e., reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g. t 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. lb), as we did before 
(7), demonstrated the sensitivity of our method to detect single- 
copy loss (45, XO), and 15- (47,XXX), 2- (4o\XXXX) f or 
2.5-fold (49PCXXXX) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident m both the breast cancer cell lines and primary tumors 
(Fig. 1*), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For example, gains within lq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(90%/69%, 100%/47%, 10Q%/m% f and 90fc/44%, respective- 
ly), as were losses within lp, 3p, 8p, and 13q (80%/24%, 
80%/22%, 80%/22%, and 70%/18%, respectively), consistent 
with published cytogenetic studies (refe. 2-4; a.complete listing 
of gains/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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Rg. 2. DNA. copy number alteration across chromosome 8 by array CGH. (a) DNA copy mimberproflles are illustrated for cell lines containing different numbers 
? of X chromosomes, for breast cancer cell lines, and for breast tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering to 
highlight recurrent copy number changes. The 241 genes present on the mlcroarrays and mapping to chromosome 8 are ordered by position along the 
chromosome. Fluorescence ratios (test/reference) are depicted by a logs pseudocolor scale (Indicated). Selected genes are indicated wrth'color-coded text (red, 
increased; green, decreased; black, no change; gray, not well measured) to reflect correspondingly altered mRNA levels (observed In the majority of the subset 
of samples displaying the DNA copy number change). The map positions for genes of interest that are not represented on the mlcroarray are indicated In the 
row above those genes represented onthe array. (6) Graphical display of DNA copy number profile for breast cancer cell line SKBR3. Fluorescence ratios 
(tumor/normal) are plotted on a log 2 scale for chromosome 8 genes, ordered along the chromosome. 



number of genomic alterations .(gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P = 
O.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P « 0.04), and harboring TP53 mutations (P - 
O.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web site). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterized oncogene (Fig. 2a). The complexity of amplicon 
structure is most easily appreciated in the breast cancer ceil line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three, distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as weO as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel oy using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
usefuf in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor representations 
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Fig. 3. Concordance between ONA copy number and gene expression across chromosome 17. DNA copy number alteration (Upper) and mRNA levels (tower) 
are Illustrated for breast cancer cell lines and tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering {Upper), and the 
identical sample order is maintained (Lower). The 354 genes present on the mkroarreys and mapping to chromosome 17, and for which both ONA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are indicated In color-coded text (see Fig. 2 legend). 
Fluorescence ratios (test/reference) are depicted by separate logs pseudocolor scales (Indicated). 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene, amplification and 
elevated gene expression are quite concordant; Le., a significant 
fraction of highly amplified genes appear to be correspondingly 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean^centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

. To determine the extent to which DNA deletion arid lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a), For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
/ tests comparing adjacent classes: cell lines, 4 X 10 -49 , 1 X 10" 49 , 
5 X 10"-* 1 x 10-*; tumors, 1 X lO" 43 , 1 X 10" 214 , 5 X 10- 41 , 
1 x ICH). A linear: regression of the average log(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1.4- and 15-fold changes in mRNA . 
level for the breast cancer cell lines and tumors, respectively (Fig. 
4«, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 46). 
The distribution of correlations forms a. normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4b) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Rg. 4. Genome-wide influence of DMA copy number alterations on mRN A levels, (a) For breast cancer cell lines (gray) and tumor samples (blade), both 
mesixentered mRNA fluorescence ratio (log 2 scale) quartiles (box plots Indicate 25th, 50th, and 75th percentile) and averages (diamonds; V-value error bars 
Indicate standard errors of the mean) are plotted for each of five dasses of genes, representing DNA deletion (tumor/normal ratio < 0.8), no change (6.8-1.2), 
low- (1.2-2), medium- (2-4), and high-level (X) amplification. P values for pair-wise Student's t tests, comparing averages between adjacent dasses (moving 
lefttoright),are4X 10"^, 1 X U>-« 5 x 10~* 1 X 10-* (cell lines), and 1 x 10-«, 1 X 10-"« 5 x 10"« 1 x 10"* (tumors). (6) Distribution of correlations between 
DNA copy number and mRNA levels, for 6,095 different human genes across 37 breast tumor Samples, (c) Plot of observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels in the DNA copy number data set The line of unity Is indicated, (d) Percent variance 
In gene expression (among tumors) directly explained by variation (n gene copy number. Percent variance explained (black line) and fraction of data retained 
(gray fine) are plotted for different fluorescence Intensity/background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained Is relative 
to the 1.2 Intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation In gene expression attributable to 
underlying DNA copy number alteration can be found In the supporting information (see Estimating the Fraction of Variation In Gene Expression Attributable 
to Underlying DNA Copy Number. Alteration). 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
1% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement error on this estimate by using only that fraction ' 
of the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. Ad). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor ceil types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining amplkon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring aroplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in JDNA copy number have a large, pervasive, direct 
effect oh global gene expression patterns in both breast cancer 



^cel! lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression, we believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of —6,100 genes). 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips et oL (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et dl (15) recently, reported that in metastatic 
colon tumors only -4% of genes within amplified regions were 
found more highly (>2-rbld) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et aL (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplifjed chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity amplicons, effectively overcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree .of copy number- 
. dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor* 
jgenesis. In our study,- fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mapping of ampli- 
con boundaries and shape [to identify the 'Mriving* 1 gene(s) 
within amplicons (16)], on a large number of samples, in addition ' 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
micro array gene expression data sets, may permit the Inference 
of DNA copy numfcer aberration, particularly aneuptoidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting uiformafion). Fifth, this 
finding implies that a substantial, portion of the phenotypic 
uniqueness (and by extension/ the ' heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports, 
a possible role for widespread DNA copy number alteration in 
tumorigenesis (17, 18), beyond the amplification of specific 
oncogenes and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stochiometric relationships in cell metabolism and physiology 
(e.g., proteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 

We thank the many members of the P.03. and DJB. labs for helpful 
discussions. J.RJP. was a Howard' Hughes Medical Institute Physician 
Postdoctoral Fellow during a portion of this work. P.O.B. is a Howard 
Hughes Medical Institute Associate Investigator. This work was 
supported by grants from the National Institutes of Health, the Howard 
Hughes Medical Institute, the Norwegian Cancer Society, and the 
Norwegian Research Council. 



T* Eisen, M. B„ van dc Rijn, M, Jeffrey, S. S., et at. (2001) Proc NatL Acad. 
Set USA 98, 10869-10874. 
10.' Schuler, O. D. (1997) X AfoL Med. 75, 694-698. 

41. Lander, E. S„ Union, L. M, Bfrren, B n Nnsbaum, C, Zody, M. C, Baldwin, 
J„ Devon, K., Dewar* R, Doyle, M, FitoHugh, W., et aL (2001) Nature 
(London) 409, 860-921. 

12. Fejzo, M. .Godfrey, T, Chen, C, Waldman, Fl & Cray, J. W. (1998) Genes 
Chromosomes Cancer 22, 105-113. 

13. Hughe^T. R, Roberts, C J„ Dai, H, Jones, A. R., Meyer, M. R., Slade, D., 
Burchard, K Dow, Ward, T. R., Kidd, M. J„ et at. (2000) Nat Genet. 35, 
333-337. . 

14. Phillips, J. L, Hayward, S. W„ Wang, Y., Vasselli, J, Pavlovich, C, Padilla- 
Nash, *U Fczuflo, J. R-, Ghadimi, B. KL. Grosdeld, G. D-, Rivera, et at. 
(2001) Cancer Fes. 61, 8143-8149. 

15. Platzer, P:, TJpcndcr, M. B., WOson, IC, WUHs, Luttcxbaugh, J H Nosrati, 
Willson, J. IC, Mack, D„ Ried, T. it Markowitt, S. (2002) Cancer Res. 62, 
1134-1138. 

16. Albertson. D. G. t Ylstra, B., Segraves, R., Collins. C, Dairkec, Si R, Kowbel, 
D. t Kuo, W. U Gray. J. W. A Pinkel, D. (2000) NaL GeneL 25, 
144 r 146.. 

17. IX Rm Yerganian, Dueshcig, P., Kraemer, A, WUlcr, Raosch, C & 
Hchimann, R. (1997) Proc NatL Acad. Set USA 94, 14506-14511. 

18. Rasnxck, D. & Duesberg, P. H. (1999) Biochan. I 340, 621-630. 



12968 | vvwv»4>na5.org/cgl/dpl/10.1073/pnas.1 6247 1999 



Pollack et*i 



EXHIBIT G 





IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : Ashkenazi et al. 

App.No. : 09/903,925 

Filed : July 11, 2001 

For : SECRETED AND 

TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 

Examiner : Hamud, Fozia M 



Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Group Art Unit .1647 

CERTIFICATE OP EXPRESS MAILING 

I hereby certify that this correspondence is 
being deposited with the United States 
Postal Service with sufficient postage as 
first class mail in an envelope addressed to 
Commissioner of Patents, Washington 
D.C. 20231 on: 



(Date) 



DECLARATION OF AVI A SHKENAZI. Ph.D UNDF/R 37 C.F.R1 8 1.132 
I, Avi Ashkenazi, Ph.D. declare and say as follows: - 

1 . I am Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in 1 988 as a postdoctoral fellow. Since then, I have 
investigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate such mechanisms as a means of therapeutic intervention in 
cancer and autoimmune disease. I am currently involved in the investigation of a series of 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of therapeutic antibodies for cancer treatment. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 



gives cancer cells a growth or survival advantage relative to normal cells, and inight also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5. tf gene amplication results in over-expression of the mRNA and the 
corresponding gene product, then it identifies mat gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomai changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, unddr Section 1001 of Title 1 8 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 



By: A^J^^^n Date: 3jl£foJ> 

Avi Ashkenazi, PhD. ' I 



SV 455281 vl 

9/12/03 3:06 PM (39780.7000) 



CURRICULUM VITAE 
Avi Ashkenazi 
July 2003 



Personal: 

Date of birth: 

Address: 

Phone: 

Fax: 

Email: 



29 November, 1956 

1456 Tarrytown Street, San Mateo, CA 94402 
(650) 578-9199 (home); (650) 225-1853 (office) 
(650) 225-6443 (office) 
aa@gene.com 



Education: 

1983:.. 
1986: 

Employment: 

1983-1986: 

1985- 1986: 

1986- 1988: 

1988-1989: 

1989 - 1993: 
1994-1996: 

1996- 1997: 

1997- 1990: 
1999-2002: 
2002-present: 

Awards: 

1988: 



B.S. in Biochemistry, with honors, Hebrew University, Israel 
Ph.D: in Biochemistry, Hebrew University, Israel 



Teaching assistant, undergraduate level course in Biochemistry 
Teaching assistant, graduate level course on Signal Transduction 
Postdoctoral fellow, Hormone Research Dept, UCSF, and 
Developmental Biology Dept, Genentech, Inc., with J. Ramachandran 
Postdoctoral fellow, Molecular Biology Dept., Genentech, Inc., 
with D. Capon 

Scientist, Molecular Biology Dept., Genentech, Inc. 
Senior Scientist, Molecular Oncology Dept., Genentech, Inc. 
Senior Scientist and Interim director, Molecular Oncology Dept., 
Genentech, Inc. 

Senior Scientist and preclinical project team leader, Genentech, Inc. 

Staff Scientist in Molecular Oncology, Genentech, Inc. 

Staff Scientist and Director in Molecular Oncology, Genentech, Inc. 



First prize, The Boehringer Ingelheim Award 



1 



Editorial: 

Editorial Board Member: Current Biology 

Associate Editor, Clinical Cancer Research. ' 
Associate Editor, Cancer Biology and Therapy. v 

: » ... 

Refereed papers: 

1. Gertler, A.. Ashkenazi t A., and Madar T Z. Binding sites for human growth 
hormone and ovine and bovine prolactins in the mammary gland and. liver of the 
lactating cow. Mol Cell Endocrinol 34, 51*57 (1984). 

2. Gertler, A., Shamay, A., Cohen, N., AshkenazL A.. Friesen, H., Levanon, A., 
Gorecki,M., Aviv, H,, Hadari, D., and Vogel,T\ Inhibition of lactogenic 
activities of ovine prolactin and human growth hormone (hGH) by a novel form of 
a modified recombinant hGH. Endocrinology 118, 720-726 (1986), 

3 . . Ashkenazi. A., Madar, Z., and Gertler, A. Partial purification and characterization 

of bovine mammary gland prolactin receptor. Mol Cell Endocrinol 50, 79-87 
(1987). 

4. Ashkenazi, A., Pines, M., and Gertler, A, .Down-regulation of lactogenic 
hormone receptors in Nb2 lymphoma cells by cholera toxin. Biochemistry 
Inierndtl 14, 1065-1072(1987). 

5. Ashkenazi, A., Cohen, R., and Gertler, A. Characterization of lactogen receptors 
in lactogenic hormone-dependent and independent Nb2 lymphoma cell lines. 
FEB S Lett. 210, 51-55 (1987). 

6. AshkenazL A.. Vogel, T., Barash, L, Hadari, D., Levanon, A,, Gorecki, M., and 
Gertler, A. Comparative study on in vitro and in vivo modulation of lactogenic 
and somatotropic receptors by native human growth hormone and its modified 
recombinant analog. Endocrinology 111, 414-419(1987). 

7. Peralta, E., Winslow, j., Peterson, Q mi Smith, D., Ashkenazi. A.. Ramachandran, 
J., Schimerlik, M., and Capon, D. Primary structure and biochemical properties 
of an M2 muscarinic receptor, Science 236, 600-605 (1987). 

8. Peralta, E. Ashkenazi. A.. Winslow, J.; Smith, D., Ramachandran, J., and Capon, 
D. J. Distincnt primary structures, ligand-binding properties and tissue-specific 
expression of four human muscarinic acetylcholine receptors. EMBO /. 6, 3923- 
3929(1987). 

9. Ashkenazi, A., Winslow, J., Peralta* E., Peterson, G., Schimerlik, M., Capon, D., 
and Ramachandran, J. An M2 muscarinic receptor subtype coupled to both 
adenylyl cyclase and phosphoinositide turnover. Science 238, 672-675 (1987). 



10. Pines, M., AjhkjnjyrijjL, Cohen-Chapnik, N., Binder, L., and Gertler, A. 
Inhibition of die proliferation of Nb2 lymphoma cells by femtomolar 
concentrations of cholera toxin and partial reversal of die effect by 12-o- 
tetiadecanoyl-phorbol-13-acetate. J. Cell. Biochem. 37, 1 19-129 (1988). 

11. Peralta, E. AshkanazijL, Winslow, J. Ramachandran, J., and Capon, P. 
Pifferential regulation of PI hydrolysis and adenylyl cyclase by muscarinic 
receptor subtypes. Nature 334, 434-437 (1988). 

12. Ashkenazi.. A. Peralta, E., Winslow, J., Ramachandran, J„ and Capon, P. 
Functionally distinct G proteins couple different receptors to PI hydrolysis in the 
same cell. Cell 56, 487-493 (1989). 

13. Ashkenazi. A.. Ramachandran, J., and Capon, P.. Acetylcholine analogue . 
stimulates DNA synthesis in brain-derived cells via specific muscarinic 
acetylcholine receptor subtypes. Nature 340, 146-150 (1989). 

14. Lammare. P.. Ashkenazi. A.. Flemy T S. T SmitT^ p., Srfrsiy n ^ r apon p. 
The MHC-binding and gpl20-binding domains of CP4 are distinct and separable. 
Science 245, 743-745 (1989). 

15. Ashkenazi., A., Presta, L., Marsters, S., Camerato, T., Rosenthal, K., Fendly, B., 
and Capon, P. Mapping the CP4 binding site for human immunodeficiency 
virus type 1 by alanme-scanhing mutagenesis. Proa Natl. Acad. Sci. USA. 87, 
7150-7154(1990). 

16. Chamow, S., Peers, P., Byrn, R., Mulkerrin, M., Harris, R., Wang, W., Bjorkman, 
P., Capon, P., and Ashkenazi. A. Enzymatic cleavage of a CD4 immunoadhesin 
generates crystallizable, biologically active Fd-like fiagments. Biochemistry 29, 
9885-9891 (1990). 

17. Ashkenazi, A. t Smith, P., Marsters, S., Riddle, L., Gregory, T., Ho, P., and 
Capon, P. Resistance of primary isolates of human immunodefficieiicy virus type 
1 to soluble CP4 is independent of CP4-rgpl20 binding affinity. Proa Natl. 
Acad. Sci. USA. 88, 7056-7060 (1991). 

18. Ashkenazi, A., Marsters, S., Capon, P., Chamow, S., Figaril, I., Pennica, P., 
Goeddel., P., Palladino, M., and Smith, P. Protection against endotoxic shock by 
a tumor necrosis factor receptor immunoadhesin. Proa Natl. Acad. Set. USA. 88, 
10535-10539(1991). 

19. Moore, J., McKeating, J., Huang, Y., Ashkenazi. A ., and Ho, P. Virions of 
primary HTV-1 isolates resistant to sCP4 neutralization differ in sCP4 affinity and 
glycoprotein gpl20 retention from sCP4-sensitive isolates. J. Virol 66, 235-243 
(1992). 



3 



20. Jin, H., Oksenberg, D., Ashkenazi. A.. Peroutka, S., Duncan, A., RozmaheL, R, ' 
Yang, Y., Mengod, G., Palacios, J., and ODowd, B. Characterization of the 
human 5-hydroxyb7ptamineiB receptor. J. Biol. Chenu 267, 5735-5738 (1992). 

21. Marsters, A., Frutkin, A., Simpson. N.. Fendlv. B. and AgTikandgi, A . 
Identification of cysteine-rich domains, of the type 1 tumor necrosis receptor 
involved in ligand binding. J. Biol. Chenu 267, 5747-5750 (1992). 

22. Chamow, S., Kogan, T., Peers, D., Hastings, R, Byrn, R., and Ashkenazi. A. 
Conjugation of sCD4 without loss of biological activity via a novel carbohydrate- 
directed cross-linking reagent. J. Biol. Chenu 267, 15916-15922 (1992). 

23. Oksenberg, D., Marsters, A., OT>owd, B., Jin,.H., Havlik, S., Peroutka, S,, and 
Ashkenazi, A. A smgle amino-acid difference confers major pharmacologic 
variation between human and rodent 5-HTifi receptors. Nature 360, -161-163 

(1992) . 

24. Haak-Frendscho, M., Marsters, S., Chamow, S., Pejers, D., Simpson, N., and 
Ashkenazi. A. Inhibition of interferon y by an interferon y receptor 
muriunoadhesin. Immunology 79, 594-599 (1993). 

25. Penica, D., Lam, V., Weber, R., Kohr, W., Basa, L., Spellman, M., AshkenaTi, 
Shire, S., and Gbeddel, D. Biochemical characterization of the extracellular 
domain of the 75-kd tumor necrosis factor receptor. Biochemistry 32, 3131-3138. 

(1993) . 

26. Barfod, L., Zheng, Y., Kuang, W., Hart, M., Evans, T., Cerione, R, and 
Ashkenazi, A. Cloning and expression of a human CDC42 GTPase Activating 
Protein reveals a Junctional SH3-binding domain. J. Biol Chenu 268, 26059- 
26062(1993). 

27. Chamow, S., Zhang, D., Tan, X., Mhtre, S., Marsters, S., Peers, D., Byrn, R, 
Ashkenazi, A. t and Yunghans, R. A humanized bispecific immunoadhesin- 
antibody that retargets CD3+ effectors to kill HTV-l-mfected cells. /. Immunol 
153,4268-4280(1994). 

28. Means, R, Krantz, S., Luna, J., Marsters, S.. and Ashkenazi. A. Inhihitinrt nf 
murine erythroid colony formation in vitro by iterferon y and correction by 
interferon y receptor inimunoadhesin. Blood 83, 91 1-915 (1994). 

29. Haak-Frendscho, M., Marsters, S., Mordenti, J., Gillet, N., Chen, S., 
andAshkenazi, A. Inhibition of TNF by a TNF receptor immunoadhesin: 
comparison with an anti-TNF mAb. J. Immunol 152, 13474353 (1994). 



4 



30. Chamow, S., Kogan, T., Venuti, M., Gadek, T., Peers, p., Mordenti, J., Shak,:S., 
and Ashkenazi. A. Modification of CD4 immunoadhesin with monomethoxy- 
PEG aldehyde via reductive alkilation. Biocdnj. Chenu 5, 133-140 (1994). 

31. Jin, H., Ymg, R, Marsters, S., Buntmg, S., Wur^ 

Ashkenazi. A. Protection against rat endotoxic shock by p55 tumor necrosis factor 
(TNF) receptor immunoadhesin: comparison to anti-TNF monoclonal antibody. / 
Infect. Diseases 170, 1323-1326 (1994). 

32. Beck, J., Marsters, S., Harris, R, Ashkenazi. A., and Chamow, S. Generation of 
soluble interleukin-1 receptor from an immunoadhesin by specific cleavage. Mol 
Immunol 31, 1335-1344 (1994). 

33. Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G, Mordenti, J., Chamow, S., 
and Ashkenazi. A. Molecular and biological properties of an interleukin-1 
receptor immunoadhesin. Mol. Immunol 31, 1345-1351 (1994). 

34. Oksenberg, D., Havlik, S., Peroutka, S., and Ashkenazi. A. The third intracellular 
loop of die 5-HT2 receptor specifies effector coupling. J. Neurochenu 64, 1440- 
1447.(1995). 

35. Bach, E., Szabo, S., Dighe, A., Ashkenazi. A.. Aguet, M, Murphy, K., and 
Schreiber, R. Ligand-induced autoregulation of IFN-y receptor |3 chain expression 
in T helper cell subsets. Science 270, 1215-1218 (1995). 

36. Jin, H., Yang, R, Marsters, S., Ashkenazi. A.. Bunting, S., Marra, M., Scott, R., 
and Baker, J. Protection against endotoxic shock by bactericidal/permeability- 
increasing protein in rats. Clin. Invest 95, 1947-1952 (1995). 

37. Marsters, S., Penica, D., Bach, E., Schreiber, R., and Ashkenazi. A. Interferon y 
signals via a high-affinity multisubunit receptor complex that contains two types 
of polypeptide chain. Proc. Natl Acad. Sci. USA. 92, 5401-5405 (1995), 

38. Van Zee, K., Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, C, Gallati, H., Schiller, C, Richter, W;, 
Loetcher, H., Ashkenazi. A .. Chamow, S., Wurm, F., Calvano, S., Lowry, S., and 
Lesslauer, W. Protection against lethal E. coli bacteremia in baboons by 
pretreatment with a 55-kDa TNF receptor-Ig fusion protein, Ro45-2081. J. 
Immunol. 156, 2221-2230 (1996). 

39. Pitti, R, Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi. A . 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol Chem. 271, 12687-12690 (1996). 



5 



40. Marsters, S., Pitti, R. " Donahue, C, Rupert, S„ Bauer, K., and Ashkenazi. A. 
Activation of apoptosis by Apo-2 ligand is independent of FADD but blocked by 
CaaA.Cwr.BioL 6, 1669-1676(1996). : 

41. Marsters, S., Skubatch, M., Gray, C, and Ashkenazi. A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. J. Biol. Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R, Gumey, A., Skubatch, M-, Baldwin, D., 
Ramakrishnan, L„ Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control ofTRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Science 277, 818-821 (1997). 

43. Marsters, S., Sheridan, J., Pitti, R, Gumey, A., Skubatch, M., Balswin, D., Huang, A., 
Yuan, J., Goddard, A., Godowski, P., and Ashkenazi. A. A novel receptor for 
Apo2L/TRAIL contains a truncated death domain, fiurr. Biol. 7, 1003-1006 (1997). 

44. Marsters, A., Sheridan, J., Pitti, R, Brush, J , Goddard, A., and Ashkenazi. A. 
Identification of a ligand for the death-domain-containing receptor Apo3 . Curr. Biol 
8,525-528(1998). 

45. Rieger, J„ Naumann, U., Glaser. T„ Ashkenazi. A ., and Weller. M. Apn? ii £an rf. 
andvel weapon against maUgnant glioma? FEBSLett. 427, 124-128 (1998). 

46. Pender, S., Fell, J., Chamow, S., Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. J. Immunol 160, 4098-4.103 (1998). 

47. Pitti, R, Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, Si, Baldwin, D., Godowski, P., Wood, W., Gumey, A., 
Hillan, K., Cohen, R, Goddard, A., Botstein, D., and Ashkenazi. A. Genomic 
amplification of a decoy receptor for Fas ligand in lung and colon cancer. Nature 
396,699-703(1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycin D. J. Immunol 162, 5616-5623 (1999). 

49. Gurney, A. Marsters, S., Huang, A., Pitti, R, Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, X, Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, R, and Ashkenazi. A. Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GITR Curr. 
Biol. 9, 215-218 (1999). 



6 



. 50. Ashkenazi:A.. Pai, R, Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A;, DeForge, L:, BChoumenis, I., Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z, and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand J. Clin. Invest. 104, 155- 
162(1999). 

51. Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A.,. Kim, K.J. Determination of residues involved in ligand binding and signal 
transmissiion in die human IFN-a receptor 2. J. Immunol. 163, 766-773 (1999). 

52. Johnsen, A.-G, Haux, J., Steinkjer, B., Nonstad, U., Egeberg, BL, Sundan, A;, 
Ashkenazi. A- and Espevik, T. Regulation of Apo2L/TRAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naumann, U., Kugler, S., Bahr, M., Diehgans, 4 
Ashkenazi. A., and Weller. M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483(1999). 

54. Hymowitz, S.G., Ghristinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
• RJ 7 ., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 

Structure of Apo2L/TRAJL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571(1999). 

55. Hymowitz, S.G., O'Connel, M.P., Utsch, M.H., Hurst, A., Tolpal, K, Ashkenazi. 
A„ de Vos, A.M., Kelley, RF. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2L/TRAIL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGrafI W., Mitchell, J.B., Stetler-Stevenson, M., 
Ashkenazi. A., and Steeg, P S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin Dl. Cancer Res. 60, 261 1-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, LS., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1,37-41 (2000). 



7 



Marsters, SA, Yan, M., Pitti, R.M., Haas, P.B., Dixit, V.M., and Ashkenazi. A. 
Interaction of the TNF homologies BLyS and APRIL wi& the TNF receptor 
homologues BCMA and TACL Curr. Biol 10, 785-788 (2000)1 
Kischkel, F.C., and Ashkenazi. A Combining enhanced metabdlic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Bioteckniques 29, 506-512 (2000). 

Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, JL, Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood,.S., Pai, R,, 
Leung, S., Khan, L., Gliniak, B., Bussiere, J.; Smith, G, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi. A Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. ^cA<reMe</. 7,383-385 (2001). 
Chuntharapai, A., Dodge, K., Orimmer, K, Schroeder, K., Martsters, S.A., 
Koeppen. H.. Ashkenazi. A., and Kim, KJ. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166,4891-4898(2001). 

Pollack, I.F., Erff, M., and Ashkenazi. A. Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

Wang, H., Marsters, SA., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., »AshkenazL A., and *Grewal, IS. TAa-Hgand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

Kischkel, F.C., Lawrence, D. A., Tinel, A, Virmani, A., Schow, P., Gazdar, A., 
Blenis, J ., Ainott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. 
Biol. Chem. 276, 46639-46646 (2001). 

LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A Tumor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-281 (2002). 
Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault, Keller, G„ Sliwkowski, 
M., Ashkenazi, A., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 



8 



68. Varfolomeev, E., Kischkel, F., Martin, R, Wanh, H., Lawrence, D., Olssoh, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, L and Ashkenazi. A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

L Ashkenazi. A.. Peralta. L Winslow, J.. Ramachanrirfln, J., and Papnn TV T 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LUI, 263 r 272 (1988). 

2. Ashkenazi. A .. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal • 
transduction and growth. Trends Pharmacol Scu Dec Supplement, 12-21 (1989), 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, J., Allen, D., Eichberg, J., Byrn, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HTV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A. . Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol 10, 
217-225(1993). 

5. Ashkenazi. A ., and Peralta, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi. A. 
Inhibition of erythrpid colony formation in vitro by gamma interferon. In 
Molecular Biology ofHematopoiesis (N. Abraham, R! Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A , Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock. Biotechnology in Healthcare 1, 197-206 (1994). 

8. Ashkenazi. A .» and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200 (1997). 
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23 . Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 
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49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. 
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10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 
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Bach year, over X 82,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
1o play a large role. 2 

Five-year survival rates range from approximately 65%* 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis* One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. , However, 20%- 
30% of patients' without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tity this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HEK-2/heu status can be evaluated: immunohistochemistry 
(1HC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk im women younger than 40 years of age for 
low-, versus high-amplified tumors (54*5% compared to 
85.7%); this is compared to a recurrence rate of 16.7% for 
patients with no HER-2/neu gene amplification. 4 HER-2/neu 
status may be particularly important to establish in women with 
small (£ 1 cm) tumor size, . 

the choice of methodology for determination of HER-2/ 
neu status depends in pah on the clinical setting. FDA approval . 
for the Vysis FISH test was granted based on clinical trials 
involving 1 1549 node-positive patients. Patients received one 
of three different treatments consisting. of different doses of 
cyclophosphamide, Adriamycin, and 5-fluorouracfl (CAF). 
The study showed that patients with amplified HEfc-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not. The study . therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
. any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

. Selection of patients for Herceptin 0 (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HBR-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, arid studies looking 'at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
. considerations, HER-2/neti testing at SHMC/PAML will uti- 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH m IHC-negatiye cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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CPT code information References 

*. 

HER'2/neu via IHC 
88342 (including interpretive report) 

HER-2/nen via FISH 

88271x2 Molecular cytogenetics, DN A probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
88291 Cytogenetics and molecular cytogenetics, interpre- 
tation and, report 

Procedural Information 

Imrnundhistocheniistry is performed using trie FDA-approved 
DAKO antibody kit, HeTceptcstO. The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure for.routinely processed, paraffin- 
embedded specimens* Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site: The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
■ results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HBR-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. ThePathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome 17 centromere and the second for the HER- 
2/neu oncogene located at 1 7q 1 1 2- 1 2 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 1 7 f o the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
. homologies normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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